Introduction
The interface between an organic layer and an inorganic electrode is one of the key issues of organic electronic devices. Unlike the inorganic semiconductors, which can form well-controlled interface by epitaxy or alloying, inorganic/organic interface involves many problems due to the incommensurateness in physical properties of each material. The authors have shown that this problem can be alleviated by use of the surface-initiated vapor deposition polymerization, i. e., by evaporating monomer molecules on the surface of a self-assembled monolayer (SAM) that has polymerization initiating group [1, 2] . Upon UV irradiation, this SAM generates radicals and induces growth of a polymer thin film that is chemically bound to the substrate surface via the SAM. It was found that this method is effective in improving the luminescence characteristics of an organic light emitting diode (OLED) [3] . On the other hand, there is a strong demand to improve the interface of spin-coated polymer thin films on inorganic substrates. This paper proposes to use a SAM that has benzophenone (BP) terminal group in order to control the interface between an oxide surface and a spin-coated polymer film. Figure 1 shows the schematic route for forming chemical bonds between a poly(vinylcarbazole) (PVK) thin film and an oxide surface through a SAM of BP. The SAM of BP was prepared by immersing a silicon substrate that has a native oxide layer into a toluene solution of 5 mM 3-glycidoxypropyl trimethoxysilane (GPS) for 12 h at room temperature and then into 0.02 M chloroform solution of amino benzophenone (BP) for 12 h at 40 o C. On this surface, a PVK layer was spin-coated from its 1 wt% chloroform solution, and then irradiated with UV light for 30 min in air using a high-pressure mercury lamp. The UV irradiation generates BP radicals that react with the C-H bonds of the PVK backbone, and also enhances cross-linking between the carbazole units to form a network polymer of PVK. The film was immersed in chloroform for 24 h and then sonicated for 5 min to remove physisorbed PVK. For comparison, the same experiment was achieved with polystyrene (PS), which does not undergo crosslinking upon the UV irradiation.
Experimental

Results and Discussion
Bond formation with BP-SAM
The formation process of SAM and the following spin-coating process were evaluated by water contact angle measurement and ellipsometry. Table I lists the water contact angles and the film thicknesses after the steps of dipping in GPS, dipping in BP, spin-coating PVK and then sonicating in chloroform. The last measurement was achieved for the films both with and without UV irradiation after coating the PVK film. The thickness was measured by ellipsometer by fixing the refractive index to a reference value and may not represent the physical value. However, it is evident that the film thickness increases and the contact angle changes according to the process. E x t e n d e d A b s t r a c t s o f t h e 2 0 1 1 I n t e r n a t i o n a l C o n f e r e n c e o n S o l i d S t a t e D e v i c e s a n d M a t e r i a l s , N a g o y a , 2 0 1 1 , p p 6 5 2 -6 5 3 
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A remarkable difference was observed between the films with or without the UV irradiation after sonicating in chloroform. Without the UV irradiation, the PVK film was removed completely by sonicating in chloroform, while the film that underwent UV irradiation mostly remained after the sonication. It is considered that this result comes from two factors; one is the formation of chemical bonds at the interface between the PVK and the SAM, and the other is the corss-linking of PVK chains enhanced by the UV irradiation.
When the same experiment was performed by spincoating PS instead of PVK, the film thickness reduced from 100 nm to 6.3 nm after sonicating in chloroform even with UV irradiation. Since the PS does not cross-link by UV irradiation, only those polymers that were bound at the BP-SAM interface remained after the sonication.
Photopatterning
The formation of tightly bound insoluble film makes it possible to apply this method for pattern formation. When the UV irradiation was achieved through a photomask, a negative pattern of PVK film was obtained after the sonication as shown in Fig. 2 (a) . On the other hand, the film spin-coated on a bare substrate had weak adhesion even after the UV irradiation, resulting in a non-uniform pattern as shown in Fig. 2 (b) . The patterning was possible for PVK that cross-links throughout the bulk of the film, and was not achieved by polystyrene, which left only the monolayer that made contact with the SAM.
Electrical Characteristics
Since the GPS-BP SAM layer does not have conductive structure, its influence on the charge injection should be examined to explore its applicability to electronic devices. For this purpose, hole-only devices (HODs), having structures of ITO / with and without the-SAM / PVK (100 nm) / Au, were prepared to investigate the influence of the SAM on the current-voltage (I-V) characteristics. Figure 3 shows the I-V characteristics of the HODs prepared with and without the SAM. It was found that the device having the SAM have nonlinear I-V characteristics at a low voltage. In overall, however, the devices with and without the SAM layer drew comparable current. These results show that the interface adhesion stability can be improved by the SAM without affecting the charge injection.
Conclusions
In conclusion, the SAM layer having BP end group is effective in forming a surface-tethered polymer thin film that has stable interface on an oxide surface. The presence of the SAM did not reduce the charge injection from the ITO substrate, but improved the interface stability such as adhesion of the film to the substrate. It is significant that this method can also be applied for the pattern formation without using the photoresist. 
